without proper chlorine chemistry in the gas and particle phases. 
Introduction

43
In recent years, nitrate has become the primary component of PM2.5 (particulate matter 
62
In addition to reactions R1 and R5, gas phase reactions of NO3 with HO2 and VOCs,
63
N2O5 with water vapor (Tuazon et al., 1983 ) and the heterogeneous reaction of NO2 64 with water-containing particle (Goodman et al., 1999 ) produce HNO3 or nitrate as well.
65
Theses reactions are listed in Table 2 as reactions R8, R9 and R10. 
73
In recent fields studies, it was found that high particulate chlorine emissions might in a separate study that is currently under review and are summarized in Table S1 . chlorine species. In this study, the original heterogeneous reactions of N2O5 and NO2
191
(R5 and R10 in Table 2 ) are replaced with a revised version which includes production
192
of ClNO2 from CPS (R6 and R11 in Table 2 ). In reaction R6, the molar yield of ClNO2 
195
In addition, laboratory observations confirmed that the heterogeneous uptake of 196 some oxidants (such as O3 and OH) and reactive chlorine species (such as ClNO2, HOCl,
197
and ClONO2) could also occur on CPS to produce Cl2. These reactions are implemented 198 in the model and summarized in Table 2 as R13-R18. Note that the products from the reactions.
211
The rate of change of ClNO2 includes both removal and production terms, as shown 
where i I represents the pseudo first-order rate coefficient of either reaction R17 or 216 R18, depending on pH.
217
The uptake coefficients of gaseous species are obtained from published 218 laboratorial studies. In the original CMAQ, the uptake coefficient of N2O5 is determined is based on the analysis of Cl2 production rate in a hypothesized correspondingly the NMB and NME changes from -100% to -54% and 100% to 61%
276
for Cl2, and from -100% to -58% and 100% to 62% for ClNO2, respectively (the particle chlorine. Overall, however, the Cl2 and ClNO2 concentrations are still underestimated.
well as the peak values (Figure 1(c) ) with similar overall NMB and NME values.
284
The uptake coefficient of O3 could be an important factor affecting the predicted (especially for Cl2) and sometimes can capture the peak value (such as the daytime peak 316 on 14 June). However, although the NMB and NME of Cl2 and nitrate improve from -
317
18% and 39% to 1% and 28% when the new uptake coefficients are used, the simulated , with approximately 50% increase in the nitrate when a constant of 
362
(2008) used in the BASE case (Table 3) .
363
Although the higher uptake coefficients of N2O5 in the HET case facilitate faster 364 conversion of N2O5 to nitrate, the nitrate concentrations do not always increase. During 365 daytime hours, nitrate concentrations in the HET case increase due to higher OH ( Figure   366 3e and Figure 3f , increased OH see Figure S4 ). At nighttime, in contrast, the nitrate 367 concentration decreases significantly in some regions by about 22%, mainly due to 368 lower molar yield of nitrate from the N2O5 heterogeneous reaction in the HET case
369
( Figure 3g and Figure 3h ). Although ClNO2 produced in the N2O5 reaction also 370 produces nitrate through a heterogenous reaction when the particle pH is above 2, which 371 is true for most regions (see Figure S5) , the uptake coefficient of ClNO2 is significantly 372 lower than that of N2O5 (0.01~0.09 for N2O5 and 6 ×10 -3 for ClNO2), leading to an 373 overall decrease of nitrate production. As the ClNO2 production from the heterogeneous OH concentrations during the day and lower particle surface areas at night.
389
The nitrate formation from different homogeneous and heterogeneous pathways in shows that the reaction of OH and NO2 is always the major pathway for the formation 395 of nitrate through homogeneous formation of HNO3 and gas-to-particle partitioning. with PCl. In contrast, the contribution of ClNO2 reacts with particle surface to nitrate 421 production increases by 6% in the HET case. The overall nitrate concentration in the
422
HET case is about 22% higher than that in the BASE case during this study period. 
